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Abstract

Objective: To examine the physical activity and endometrial cancer relationship in a prospective study of US women
enrolled in the Breast Cancer Detection Demonstration Project (BCDDP) Follow-up Study.
Methods: We assessed past-year physical activity of all types in 23,369 women who returned the baseline
questionnaire (1987–1989) and had no prior hysterectomy and/or endometrial cancer. Cox proportional hazards
models were used to estimate age, education, and parity-adjusted rate ratios (RR) and 95% confidence intervals (CI)
for the 253 confirmed endometrial cancer cases identified during an average 8.2 years of follow-up (ending 1995–
1998).
Results: There were no dose–response relationships with either total or vigorous physical activity; however,
compared to the lowest total activity quartile, the higher four quartiles had a non-significantly lower risk (RR¼ 0.8,
CI¼ 0.6–1.0). The association with moderate activity varied with follow-up time: RRs (CI) for a 1 h increase in
daily moderate activity within 2-year intervals of follow-up (£2, 2.1–4.9, 5.0–8.0, >8 years) were 1.1 (1.0, 1.2), 1.0
(0.9, 1.1), 1.0 (0.9, 1.1), 1.0 (0.9, 1.1), and 0.8 (0.7, 1.0), respectively.
Conclusion: These data suggest that recent physical activity is not strongly related to the risk of endometrial cancer,
and that prolonged exposure and longer follow-up may be necessary.

Introduction

Evidence for an association between physical activity
and endometrial cancer has been rather sparse and
inconsistent. Of the 10 case–control and linkage studies
that have examined the relationship, many showed
lower risk among more active women, although the
results were frequently neither statistically significant
nor was there evidence of dose–response [1–10]. Two
cohort investigations also provided data, one having

assessed occupational activity [11], and the other recre-
ational activity [12], and both observed a reduced risk of
endometrial cancer at increased activity levels during
approximately 19–20 years of follow-up. A recent re-
view noted that although the results to date point to a
‘probable’ association between physical activity and
endometrial cancer, the number of studies evaluating
this association are insufficient to draw definitive con-
clusions [13]. Mechanisms that have been hypothesized
to mediate such an association include changes in
obesity and/or fat mass as well as a reduced exposure
to endogenous estrogen [14].
Methodological issues relevant to testing this hypothe-

sis include the need to assess many types of activity,
particularly household and leisure activities that may be
important contributors among the middle-aged women
evaluated in most studies. Some of the previous studies
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have not modeled the association both with and without
adjustment for body mass index (BMI) or body weight
[2, 8, 9, 12], which may be important if, as has been
suggested [13, 14], the activity–endometrial cancer
association is mediated through altered body weight
and resulting effects on hormonal profiles. Additionally,
strong risk factors for endometrial cancer, such as
hormone replacement therapy, must be carefully con-
sidered as potential confounders in these models [15].
We evaluated the association between physical acti-

vity and endometrial cancer in a cohort study of US
women originally enrolled in the Breast Cancer Detec-
tion Demonstration Project (BCDDP). Activity of all
types during the previous year was evaluated, and the
analysis carefully considered potential confounding
factors and effect modifiers of the association.

Materials and methods

Study design and subjects

The study subjects were participants in the BCDDP, a
breast cancer screening program conducted in 27 cities
throughout the US between 1973 and 1980. A follow-up
study of a selected subset (n¼ 64,182) of the 283,222
BCDDP participants was initiated by the National
Cancer Institute in 1979, and has been previously
described [16]. The follow-up study included (1) all
screening participants who underwent breast surgery
during the screening period, but had no evidence of
malignancy (n¼ 25,114); (2) all subjects who had
recommendations by the project for surgical consulta-
tion, but did not have either a biopsy or aspiration
performed (n¼ 9628); (3) all subjects diagnosed with
breast cancer during the screening program (n¼ 4275)
and (4) a sample of women who had neither surgery nor
recommendation for surgical consultation during
screening participation (n¼ 25,165). The follow-up
study was approved by the Institutional Review Board
at the National Cancer Institute, and informed consent
was obtained from all participants.
Annual telephone interviews were conducted between

1979 and 1986, and one mailed questionnaire was self-
administered during each of the following time periods:
1987–1989, 1993–1995, and 1995–1998. Pathology re-
ports were sought for all self-reported cancers. In
addition the cohort was periodically linked to the
National Death Index to ascertain date and cause of
death. Approximately 80% of the cohort was also linked
to state cancer registries using the state of last known
residence at the time of the 1995–1998 questionnaire
mailing.

Information on physical activity habits was collected
only in the 1987–1989 postal questionnaire, which is
therefore used as the baseline for this analysis (from 7
to 16 years after participation in the original BCDDP
screening program, and 8–10 years after the start of the
follow-up study). This questionnaire also obtained
information regarding smoking status, dietary habits,
diabetes, and current body weight. Information on
menstruation and menopause, including hysterectomy
status, and hormone replacement therapy was collected
on all questionnaires. Information on oral contraceptive
use was obtained during the annual telephone inter-
views conducted between 1979 and 1986, while infor-
mation on menarche, parity, and age at first live birth
was collected on the baseline follow-up interview in
1979. Information on race, education, and income was
collected on entry into the original screening program.
For 213 women who did not report their body weight in
the 1987–1989 questionnaire, weight measured during
the screening program was used (Pearson correlation
between reported weight on questionnaire and mea-
sured weight during the screening trial for all women
was r¼ 0.87).

Physical activity assessment

Participants were asked to estimate how many hours per
typical weekday and weekend day in the past year they
spent in each of four categories of activity by intensity:
sleeping, light, moderate, and vigorous activity, and
were instructed that the total for each day should add up
to 24 h. Numerous examples of light, moderate, and
vigorous activities that included occupational, leisure-
time, household, and sports activities were listed on the
questionnaire under the appropriate heading (e.g., office
work as a light activity, recreational tennis as a
moderate activity, running as a vigorous activity).
Acceptable ranges for reported hours by category were
set at: sleep, 4–14; light, 0–20; moderate, 0–18, vigorous,
0–12; and total hours, 20–28. In order for the data to be
considered valid, the sleep and total hours had to be in
range, and the light, moderate, and vigorous hours had
to be either in range or missing. If missing, a zero value
was imputed. Women with invalid data were excluded
from the analysis.
For women with valid physical activity data (see

‘analytical cohort’ below), the hours in each category of
activity were then proportionalized to total 24 h/day.
Weekly averages were obtained using the following
formula: [(weekday h�5) + (weekend h�2)]/7. Substan-
tially more women reported valid weekday data
(n¼ 42,684) than weekend data (n¼ 39,764). Given the
high correlation between the weekday and weekly

560 L.H. Colbert et al.



averages of activity (Spearman correlations: moderate
activity, r¼ 0.97; vigorous activity, r¼ 0.97; total acti-
vity, r¼ 0.96; all p < 0.001), the weekday data were
used for this analysis under the assumption that it
adequately represents regular, daily activity.
To examine total time spent in moderate and vigorous

activity with consideration for intensity level, a Physical
Activity Index (PAI) was created using literature-based
relative metabolic equivalent unit (MET) values for
moderate and vigorous activities [17]. MET values of
four for moderate and seven for vigorous were used to
create a weighted score [MET-h/week¼ (h/week mode-
rate activity · 4.0) + (h/week vigorous activity · 7.0)].
The analysis of the total physical activity and endome-
trial cancer relationship was also examined using both
weekend and weekday data, in those who provided it.

Analytical cohort

Of the original 64,182 women invited into the follow-up
study, 51,691 (84%) completed the 1987–1989 postal
questionnaire, which contained information on physical
activity. The 1987–1989 questionnaire was not complet-
ed by participants due to death (n¼ 4605), refusal to
respond (n¼ 2287), illness (n¼ 505), or being otherwise
unreachable or unavailable (n¼ 5094). Of the 51,691
who completed a questionnaire, 275 were previously
diagnosed with endometrial cancer, and 22,959 had
reported a hysterectomy that occurred before the date
on which they completed the 1987–1989 questionnaire
and were excluded from the analysis. Also excluded
were women with unknown menopausal status
(n¼ 285), those who never menstruated (n¼ 8), women
with missing or invalid physical activity information
(n¼ 4599), or those missing information on education,
parity, or body weight (n¼ 191). A total of 23,374
participants were therefore available for this analysis,
and they were predominantly white (88%). There were
small percentages of black (3%), Hispanic (2%), and
Asian American women (5%), along with those of other
or unknown race/ethnicity (2%). The participants in the
analysis were similar to the 38,054 from the follow-up
who were excluded in regards to parity, body weight,
and physical activity (for those who reported it). The
excluded women were less likely to have used oral
contraceptives (26 versus 32%) or have obtained at least
some college education (41 versus 50%) while many
more had used estrogen-only hormone replacement
therapy (62 versus 38%). Additionally, they were more
likely to have been diagnosed with breast cancer (7
versus 5%) or have had breast surgery with no
malignant disease (41 versus 38%) and less likely to
have been in the group not recommended for any

surgical procedure (38 versus 41%) in the original
BCDDP study.

Case identification

Endometrial cancer cases were initially identified
through self-reports, death certificates, or from searches
in state cancer registries. Pathology reports were sought
for all self-reported cases. Because the accuracy of self-
reported diagnoses among those with pathology reports
was not high (79%), cases supported only by self-reports
were not considered cases in the main analyses. A total
of 258 confirmed endometrial cancer cases were identi-
fied, of which five were determined to be of non-
epithelial origin and excluded. Thus, 253 epithelial
endometrial cancers were included in the final analysis;
182 (72%) based on pathology reports, 66 (26%) from
state registries, and 5 (2%) from death certificates. Of
the 253 cases, 94% were adenocarcinomas. Analyses
were repeated including the 24 women who self-reported
endometrial cancer, but for whom no confirmation was
available.

Statistical analysis

Follow-up time began at the date of the 1987–1989
questionnaire that included physical activity, and ended
at the earliest of the following dates: self-reported
hysterectomy (5.6%), diagnosis of endometrial cancer
(1.1%), death (7.9%), the date of completion of the last
questionnaire, 1995–1998 (76.5%), date of last contact
during 1995–1998 (2.5%), or, if status was otherwise
unknown, the date at which the last questionnaire
should have been completed (6.5%). Incident endome-
trial cancers were considered events, while individuals
were censored for all other events noted.
Quintiles of total activity PAI were created based on

the whole cohort. For daily hours spent in moderate and
vigorous activities, categories of £2, 2.1–4.9, 5.0–8.0,
and >8.0; and 0, 0–1, 1.1–2, and >2 h; respectively,
were created. The categories of moderate activity were
approximate quartiles, while the vigorous activity cate-
gorization was chosen to allow comparison of smaller
increments to no participation in vigorous activity. In
our examination of moderate activity, women who
reported any vigorous activity were excluded from the
analysis in order to prevent potential confounding by
vigorous activity.
Statistical analyses were performed using Statistical

Analysis Systems (SAS) software (SAS Institute, Cary,
NC). Cox proportional hazards models were used to
estimate the rate ratios (RR) and 95% confidence
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intervals (CI) of endometrial cancer associated with level
of physical activity, with person-years of follow-up time
as the underlying time metric. Likelihood ratio tests
were used to test for overall effects, effect modification,
and deviations from the proportional hazards assump-
tion. All tests were two-sided and p < 0.05 was used as
the cut-off for statistical significance.
Covariate information was obtained from interviews

up to and including the 1987–89 questionnaire on which
physical activity was reported. All covariates shown in
Table 2 were evaluated as confounders of the associa-
tions in addition to age at first live birth, race, a history
of other cancers, duration of estrogen use, and meno-
pausal status. Women were considered menopausal if
they had not menstruated for at least three months prior
to their baseline interview because of natural menopause
or bilateral oophorectomy. Final models included age
and variables (i.e., parity and education) that produced
a greater than 10% change in any of the b-coefficients
for the physical activity variables.
As body weight may lie in the causal pathway of the

physical activity–endometrial cancer association, sepa-

rate models were also run with adjustment for weight.
Effect modification of the association between endome-
trial cancer and total activity was assessed by including
variables and their cross-product terms in the models.
Proportional hazards assumptions were assessed by
including cross-product terms for physical activity and
total follow-up time (person-years) in the models. There
were no departures from the hazard assumptions for
total PAI or vigorous activity, but the cross-product
term was significant for follow-up time and moderate
activity (p¼ 0.002). Consequently, the association with
moderate activity was assessed by estimating the RR for
two-year intervals of follow-up time, and by looking at
the risk estimates for quartiles of moderate activity in
those with >6 years of follow-up.

Results

The average follow-up time for the 23,369 study subjects
was 8.2 years, with a maximum of 10.9 years and a
minimum of less than a year. The women reported an

Table 1. Baseline characteristics of BCDDP participants by quintile of PAI, 1987–1998, USa,b

PAI quintile (median MET-h/dayb)

Q1 (8.0) Q2 (20.0) Q3 (32.0) Q4 (40.5) Q5 (56.0)

Characteristicc n = 4617 n = 4693 n = 4560 n = 4607 n = 4892

Physical activity (h/day)

Sleep 7.5 ± 1.2 7.6 ± 1.1 7.6 ± 1.0 7.5 ± 1.0 7.2 ± 1.0

Light 14.9 ± 1.7 11.7 ± 1.5 9.1 ± 1.4 7.3 ± 1.5 4.3 ± 1.9

Moderate 1.5 ± 1.1 4.2 ± 1.3 6.5 ± 1.6 7.7 ± 2.1 9.3 ± 3.3

Vigorous 0.1 ± 0.3 0.4 ± 0.6 0.7 ± 0.8 1.5 ± 1.2 3.0 ± 2.4

Age (years) 60.7 ± 8.6 61.6 ± 8.2 61.8 ± 7.8 61.8 ± 7.5 61.9 ± 7.6

Height (cm) 162.7 ± 6.9 162.5 ± 6.6 162.7 ± 6.5 162.4 ± 6.5 162.3 ± 6.4

Weight (kg) 66.7 ± 14.0 66.3 ± 13.0 65.9 ± 12.4 65.2 ± 11.9 64.6 ± 11.4

BMI (kg/m2) 25.2 ± 5.1 25.1 ± 4.7 24.9 ± 4.4 24.7 ± 4.3 24.5 ± 4.1

Education P college (%) 58.5 52.9 49.8 48.7 42.7

Current smoker (%) 14.3 12.3 12.6 11.9 13.5

Age at menarche (years) 12.7 ± 1.4 12.8 ± 1.4 12.8 ± 1.4 12.8 ± 1.4 12.9 ± 1.5

Age at menopause (years) 49.9 ± 4.1 49.9 ± 4.2 49.9 ± 4.2 50.0 ± 4.0 49.8 ± 4.2

Parous (%) 81.8 83.8 86.7 86.3 87.6

OC used (%) 36.1 32.4 31.5 30.5 28.6

Estrogen HRT used (%) 35.7 38.2 37.7 39.2 36.7

Hypertensione (%) 2.9 2.9 3.0 3.0 2.5

Diabetese (%) 5.8 4.9 4.1 4.0 4.0

Energy intake (kcal/day) 1275 ± 524 1280 ± 512 1292 ± 508 1295 ± 513 1296 ± 534

Fat intake (g/day) 51.1 ± 26.7 51.0 ± 26.7 50.8 ± 26.3 51.0 ± 26.5 50.8 ± 27.2

Alcohol intake (g/day) 0.43 0.24 0.22 0.22 0.04

a Values presented as mean ± standard deviation (SD) or % of group, with the exception of alcohol (median).
b The PAI was created using reported hours of moderate and vigorous activity/day and the approximate MET level for the type of activity

reported: (moderate h · 4) + (vigorous h · 7).
c Abbreviations used: BMI – body mass index; OC – oral contraceptives; HRT – hormone replacement therapy.
d Reported ever using OC or estrogen-only HRT.
e Self-reported.
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average of 9.5, 5.9, and 1.2 h/day of light, moderate, and
vigorous activity, respectively. Baseline participant
characteristics according to PAI quintile are shown in
Table 1. Age, height, age at menarche, or age at
menopause did not materially differ by level of total
physical activity, while body weight and BMI decreased
slightly with increasing level of activity. Women who
reported more hours of moderate and vigorous physical
activity were less likely to have attained higher levels of
education, and slightly more likely to have borne
children. Reported use of oral contraceptives decreased
somewhat with increasing physical activity, while estro-
gen-replacement therapy was not related to activity
level. Smoking, hypertension, and intake of energy and
fat were not appreciably related to activity, while
alcohol consumption and the proportion of women
with diabetes were higher among the least active.
We examined the risk of endometrial cancer according

to PAI quintile. There was no significant association
between endometrial cancer and PAI adjusted for age,
parity, and education, and there was no apparent dose
response (Table 2). There were, however, non-statisti-
cally significant 10–30% lower RR in each of the four
higher quintiles compared to the first. We compared the
women in these four highest quintiles to those in the
lowest quintile of activity and found an overall 20%
reduction in risk that was of borderline significance
(RR¼ 0.8; CI¼ 0.6, 1.0). Further adjustment for body
weight did not appreciably change the quintile risk
estimates (RR¼ 1.0, 0.8, 0.9, 0.8, 0.8 for quintiles 1–5,
respectively), even though body weight itself was highly
associated with endometrial cancer risk (p < 0.001).
There was no evidence for effect modification of the PAI
association by age, weight, BMI, menopausal status,

parity, or reported use of estrogen-replacement therapy
(data not shown). Including self-reported cases in the
analysis (see Methods), yielded similar results
(RR¼ 1.0, 0.7, 0.8, 0.7, 0.8 for quintiles 1–5, respective-
ly; ptrend¼ 0.17), as did the PAI calculated using both
weekend and weekday data in those who provided it
(RR¼ 1.0, 0.8, 0.7, 0.8, 0.8 for quintiles 1–5, respective-
ly; ptrend¼ 0.26). The analysis was also repeated exclud-
ing those women who came into the follow-up study
with a history of breast cancer, and the results were
similar (RR¼ 1.0, 0.8, 0.8, 0.7, 0.8 for quintiles 1–5,
respectively; ptrend¼ 0.21).
Amount of time spent in vigorous and moderate

activities was also evaluated. Vigorous activity was not
associated with endometrial cancer risk (Table 2), and
further adjustment for body weight did not appreciably
alter these results. Because the assumption of propor-
tional hazards for hours of moderate activity was not
met (i.e., time � moderate activity cross-product term,
p¼ 0.002), we examined the association by two-year
intervals of follow-up time (Figure 1). There was a
small, non-significant increase in risk associated with
each 1 h per day increase in moderate activity during the
first two years of follow-up, little association from two
to eight years of follow-up, and lower risk with increased
moderate activity after eight or more years of follow-up.
The RR by quartile of activity during the complete
follow-up were 1.0 (referent), 1.0 (0.6, 1.6), 0.8 (0.5, 1.3),
and 0.8 (0.4, 1.3) for £2, 2.1–4.9, 5.0–8.0, and >8 h of
moderate activity/day, respectively (ptrend¼ 0.23). Given
the suggestion of a beneficial association with longer
follow-up shown in Figure 1, we also examined quartiles
of moderate activity among women with more than
six years of follow-up only (six years was chosen to

Table 2. RRs (95% CI) of endometrial cancer by PAIa (total moderate and vigorous physical activity) and vigorous activity alone, BCDDP

cohort, 1987–1998, US

PAI quintile (median MET-h/daya) ptrend

Q1 (8.0) Q2 (20.0) Q3 (32.0) Q4 (40.5) Q5 (56.0)

# Cases 60 47 51 45 50

Person-years 36,942 38,332 37,427 37,963 40,525

RR (CI)b 1.0 0.8 (0.5, 1.1) 0.9 (0.6, 1.2) 0.7 (0.5, 1.1) 0.8 (0.5, 1.1) 0.24

Vigorous activity [h/day, median (range)]

0 1.0 (0.10–1.00) 2.0 (1.01–2.00) 4.0 (2.01–12.0)

# Cases 124 57 29 43

Person-years 91,981 41,061 26,841 31,305

RR (CI)b 1.0 1.1 (0.8, 1.5) 0.8 (0.6, 1.2) 1.1 (0.7, 1.5) 0.94

a The PAI was created using reported hours of moderate and vigorous activity/day and the approximate MET level for the type of activity

reported: (moderate h · 4) + (vigorous h · 7).
b Adjusted for age, parity, and education.

Physical activity and endometrial cancer 563



allow adequate cases in both time periods for the
analysis). RR for the increasing quartiles were 1.0, 0.7,
0.7, and 0.3, but these estimates are based on only 53
cases for this restricted analysis.

Discussion

In contrast to some previous cohort and case–control
investigations, our prospective study did not find an
overall association between average time spent in recent
physical activity and the risk of developing endometrial
cancer. We also saw no evidence of a dose–response
relationship, with our estimates suggesting lower risk
among those reporting any but the lowest level of
activity, a potential threshold effect that was found on
further categorical analysis to be of borderline statistical
significance. While risk was somewhat decreased with
increased time spent in moderate activities, this associ-
ation only appeared in later years of follow-up. Addi-
tionally, vigorous activity was not related to endometrial
cancer. Our results were not modified by BMI, weight,
age, menopausal status, parity or use of estrogen-
replacement therapy.
One possible interpretation of our finding of a modest

risk reduction in women spending greater time in
moderate activities that was evident only with longer
follow-up time is that sustained, long-term participation

in such physical activity is necessary for a beneficial
impact on endometrial cancer. The two previously
published cohort studies of physical activity and endo-
metrial cancer that found significant associations had
substantially longer follow-up than did the present study
(�20 versus �8 years) [11, 12]. Evidence regarding the
importance of lifetime versus recent activity from case–
control studies is mixed, with some showing larger
inverse associations with more recent activity [2, 10],
others supporting both recent and lifetime levels [3, 9],
and one finding stronger associations with earlier life
activity [7]. One issue complicating these time-related
comparisons is that the past year physical activity
assessed by such questionnaires can correlate with
activity levels in preceding years in middle-aged women
[18], such that the estimates reflect more than one
period. Another possibility for the delayed association
we noted is that the women who were more active at
baseline may have been more likely to seek medical care
if they were experiencing any unusual symptoms such as
irregular bleeding, thus leading to a detection bias
among the more active women. The stronger reduction
in risk from moderate activity with prolonged follow-up
may also simply be a chance finding.
The majority of prior studies have observed risk

reductions of 30–40% for the highest average activity
levels compared to lowest [13]. A lack of a dose–
response relationship has been noted in some [4, 7, 10],
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Fig. 1. RRs (95% CI) of endometrial cancer for moderate hours of physical activity by follow-up time, BCDDP cohort, 1987–1998, US. RR were

calculated in 2-year intervals of follow-up (£2, >2–£4, >4–£6, >6–£8, and >8 years) and represent the change in risk for each 1 h increase in
moderate physical activity.
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but not all [11, 12] studies. Other studies have shown
significant associations between endometrial cancer and
more moderate intensity activities compared to vigorous
activities, as we did here. Levi et al. [2] found women
who were sedentary versus most active in sports and
leisure activities to have elevated risk of endometrial
cancer (RR¼ 1.9, CI¼ 0.9, 4.0), but even higher risk
estimates for women who were sedentary compared to
the most active in housework (RR¼ 4.2, CI¼ 2.4, 7.5).
Similarly, Sturgeon et al. [3] reported that RRs were
higher for sedentary women compared to those actively
engaged in housework than for sedentary women
compared to those actively engaged in sports. It is not
clear why greater levels of moderate, but not vigorous,
activity might be associated with endometrial cancer.
Biologically, one would postulate that vigorous acti-

vity would afford greater inhibition of carcinogenesis
than moderate activity, particularly if the association is
mediated through a hormonal pathway. Cross-sectional
data from postmenopausal women suggests that serum
hormones such as androstenedione and estrone are
lowest among women reporting the most activity [19],
and in general, more intense activity or physical training
is associated with more severe disruptions of menstrual
function and/or hormone level [14]. This apparent
inconsistency will require data from studies having
more detailed activity data.
Given the variety of questionnaires that have been

used to assess physical activity in studies of endometrial
cancer, it is difficult to make comparisons between the
level of activity in our participants versus those in prior
studies. The women in our study reported relatively high
levels of daily activity. Compared to data from the
Behavioral Risk Factor Surveillance System (BRFSS) in
1990, for example, which found that only 24% of US
women ages 18 and older get at least 30 min of moderate
leisure-time activity most days of the week or at least
20 min of vigorous activity three days/week [20], our
study participants reported significantly more activity.
In the study by Littman et al. [10], only 11% of their
similarly aged women reported more than 6 h per week
of any leisure-time physical activity. The difference in
these reports may be due to the fact that BRFSS and
Litman et al. [10] queried only leisure-time activity.
Greater overall levels of activity may have resulted from
our questionnaire’s intentional inclusion of household
activities, important when assessing the activity of
women in particular [21].
Data in Table 1 show that the more active women in

this cohort tended to have had less education, were more
likely to have had children, drank less alcohol, and were
only slightly leaner than the less active women, patterns
generally opposite those observed for higher levels of

leisure exercise or recreational activity [22]. This sug-
gests that our study subjects may have been reporting
more housework, or less likely, occupational activity,
although we are unable to determine this from the
format of the questionnaire we used. It is also possible
that our cohort of women, who were initially enrolled in
a breast cancer screening trial in the 1970s and respond-
ed to our activity questionnaire in the late 1980s, may
have been more health conscious and active than women
sampled in BRFSS. That the reported body weights and
BMIs of the BCDDP women were quite low is consis-
tent with greater activity and health consciousness (but
may also have resulted from the necessary exclusion of
women with prior hysterectomy). It is also possible,
however, that over-reporting contributed to some of the
daily averages of 1.2 vigorous hours and 5.9 moderate
hours of activity observed. For example, our physical
activity questionnaire instructed the women to account
for 24 h of total daily activity, including sleep. Having
been incorporated into a broader BCDDP mailed
questionnaire, the activity questions were self-adminis-
tered, which may have resulted in the inflation of the
reported time spent in more strenuous activity levels
compared to more open-ended, interviewer-adminis-
tered questionnaires [23].
Strengths of our study include its prospective design,

cohort size, and the relatively large number of cases for
analysis. The activity instrument queried typical week-
end and weekday activities including occupational,
recreational, and housework activities. We were also
able to use updated information on hysterectomies,
which was accurately reported by BCDDP women [24],
to censor those who were no longer at risk during the
course of follow-up, and were able to assess numerous
potential confounding factors in our analyses. As in
many studies of physical activity and cancer, few
factors, including body weight, were found to empiri-
cally confound our data [14].
Our analysis is limited by the fact that the BCDDP

Follow-up Study was not conducted specifically to
evaluate physical activity in relation to endometrial
cancer. These results may not generalize to the US
population as a whole, as these were women who
volunteered to participate in the original BCDDP study
and agreed to continue in the follow-up study, in which
those with prior breast cancers and biopsies were over-
sampled. It is possible that the women in our analysis
who had breast cancer and/or breast surgery many years
prior to physical activity ascertainment may have altered
their physical activity patterns following those diagnoses
and treatment; however, our study was focused on
activity during the previous year, and so our results
should not have been biased in this respect. Further, our
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results were unchanged when we excluded women with
breast cancer, suggesting that the results are internally
valid. Another potential limitation is that the sample we
used for analysis excluded women who had more breast
surgical procedures, had a higher prevalence of estrogen
use, and were less educated, which may have resulted in
a sample with endometrial cancer risk that was different
from that in the original population sample. Important-
ly, the physical activity level in those who were excluded
(which was available for most of the women) was similar
to the level of those included in the study, suggesting
that our results were not materially biased by these
exclusions. Although our questionnaire was designed to
capture typical activity of all types, its necessary
simplicity restricted our ability to examine activity by
subtype, and the format may have resulted in some over-
reporting of activity. Additionally, measurement error
in our questionnaire may have attenuated the risk
estimates we observed.
In contrast to many previously published studies, we

observed no significant overall relationship between
physical activity and endometrial cancer in this study.
We did, however, observe a 20% lower risk among
women who were engaged in any but the lowest level of
total physical activity, and a lower risk for higher
moderate physical activity in particular, but only with
longer follow-up. Future studies designed to directly
address the role of detailed components of physical
activity and periods of exposure in the development of
endometrial and other women’s cancers should help
clarify the associations. In particular, the potential
difference between long-term versus recent activity on
endometrial cancer should be further explored.
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